RESULTS
We included 33 patients (27 males, 6 females; mean age, 60.7 years) with 53 metastatic lymph nodes in the study. Mean ADC values for nodal metastases of nasopharyngeal carcinoma (NPC) (n=7), oropharyngeal (n=12), laryngeal (n=27), and hypopharyngeal (n=7) carcinoma were (0.810±0.158)×10 /s was found to facilitate differentiation of NPC from LSCC with a sensitivity of 71% and specificity of 85% (area under the curve, 0.852).
CONCLUSION
The mean ADC values showed significant differences between nodal metastases of NPC and LSCC. Considering SCCs as a single group may affect the accuracy of ADC-based differentiation. Location of the primary tumor should be taken into account and cutoff values should be determined separately for each anatomical location. tiated, n=5; undifferentiated, n=2), six had hypopharyngeal carcinoma (HPCC; differentiated, n=3; moderately-differentiated n=3), eight had oropharyngeal carcinoma (OPCC; differentiated, n=5; moderately differentiated, n=2; poorly differentiated, n=1) and 12 had laryngeal carcinoma (LPCC; differentiated, n=4; moderately differentiated, n=8). In each patient, all of the nodal metastases size criteria for malignancy (minimum 1 cm short-axis diameter) were selected and mean ADC values were measured retrospectively. Not all patients were treated surgically, but all lymph nodes met the size criteria of metastases and were biopsy-proven SCC metastases.
Of a total of 42 patients, nine were excluded due to susceptibility and/or motion artifacts in DWI that prevented ADC measurements (nodal metastases of the nasopharyngeal carcinoma, n=3; hypopharyngeal carcinoma, n=3; laryngeal carcinoma, n=2; oropharyngeal carcinoma, n=1).
MRI technique
All studies were obtained using a 1.5 Tesla system (Achieva; Philips Medical Systems) using a sensitivity-encoding head-neck coil. All patients underwent conventional MRI of the entire neck. Axial fat-suppressed T2-weighted turbo spin-echo MRI (2500/100 ms repetition time/echo time, 4 mm slice thickness and two signals acquired), axial T1-weighted spin-echo MRI (477/12 ms repetition time/echo time, other parameters were the same as for T2 weighted imaging), and contrast-enhanced T1-weighted MRI were performed.
DWI was performed before contrast-enhanced T1-weighted imaging. Images were obtained in the axial orientation with an echo-planar imaging sequence. The following parameters were used: repetition time, 2000 ms; echo time, 75 ms; b values, 0 and 1000 s/mm 2 ; field of view, 220 mm; matrix size, 256×128; slice thickness, 4 mm; interslice gap, 1 mm; number of signals, 4; acquisition time, 1-2 min. Parallel imaging techniques (SENSE) with a reduction factor of 1 were used. ADC maps were generated automatically on the operating console from concurrent images.
Image analysis
Measurements were performed on a workstation (Easy Vision, Philips Medical Systems), in the axial plane with a radiologist years experience in MRI. Tumors were first evaluated on conventional images. The most solid and/or homogeneous portions of the lesion, according to T2-weighted fat-suppressed, gadolinium-enhanced T1-weighted fat-suppressed, and DWI sequences, were selected for region of interest (ROI) measurement and copied to ADC maps. ROI positions were adjusted to avoid contamination from adjacent tissues and exclude geometric distortions. When necrosis in the signal intensity was observed, at least three small, uniform, round or oval ROIs were placed on solid areas of the ADC map and mean ADC measurements was selected for statistical analyses.
Statistical analysis
For statistical analyses (SPSS 15.0 statistical software for Windows, SPSS Inc.), nodal metastases of head and neck SCCs were categorized as LSCC, OSCC, HSCC, or NPC. A power analysis was performed. The total sample of 53 nodal metastases from 33 patients achieved 82% power to detect differences.
Because of normally distributed data, mean ADC values of nodal metastases were compared with one-way analysis of variance (ANOVA) test. Post hoc pairwise comparisons were then performed using the Bonferroni's test. In these analyses, P < 0.05 was considered as statistical significant. Then, receiver operating characteristic (ROC) analyses were employed to find ADC threshold values among nodal metastases of SCC. The mean ADC value that corresponded to the nearest point of the ROC curve to the top left corner was chosen as the optimal ADC threshold value for optimizing both sensitivity and specificity in equal weighting.
Results
Final patient population included 33 patients (27 males, 6 females and mean age, 60.7 years) with 53 nodes (Figs. 1-3) . The groups were similar in terms of age and gender. Mean ADC values for nodal metastases of each group are outlined in the Table and displayed in Fig. 4 . Upon pairwise comparisons, the mean ADC values of NPC were significantly lower than the mean ADC values of LSCC (P = 0.002). The mean ADC values did not show significant differences between NPC and OSCC (P = 0.062), between NPC and HSCC (P = 0.399) , between HSCC and LSCC (P= 0.805), between HSCC and OSCC (P = 1.000) and between LSCC and OSCC (P = 1.000).
ROC analysis indicated that an ADC threshold value lower than 0.89×10 -3 mm 2 /s may differentiate metastasis of the NPC from LSCC (sensitivity: 71%, specificity: 85%, area under the curve: 0.852) (Fig. 5) .
Discussion
We evaluated ADC-based differentiation among nodal metastases of SCCs in the head and neck region and found that the mean ADC values of NPC were significantly lower than the mean ADC values of LSCC. Although some ADC threshold values have been determined to distinguish metastases of head and neck SCC from other benign
Main points
• Although apparent diffusion coefficient (ADC) values have been used to differentiate metastatic lymph nodes of squamous cell carcinoma (SCC) from lymphoma, the efficacy of using DWI for differentiation depends largely on the histological characteristics of the lymph node.
• We compared the ADC values of metastatic lymph nodes due to SCC of the nasopharynx, oropharynx, larynx, and hypopharynx and found significant differences between nodal metastases of nasopharynx and larynx.
• Location of the primary tumor should be taken into account and cutoff ADC values should be determined separately for each anatomical location. 5, 7) . Thus, using DWI to distinguish NPC from lymphoma is challenging and may cause misdiagnosis. According to our study, it is also challenging and may give incorrect results, when ADC values are used to differentiate nodal metastases from NPC from those from OPCC and HPCC.
DWI is increasingly used for nodal staging and has been shown to be especially useful in the demonstration of small nodal metastases (8, 9) . Differentiation of benign from malignant lymph nodes was suggested to be possible using ADC values with cutoff values of 1. The ADC value has also potential to characterize metastatic lymph nodes (10-13). The histologic characteristics of a tumor directly influence its ADC values, and the different ADC values among metastatic lymph nodes originating from nasopharyx and larynx found in our study may be attributable to variations in histologic composition and content. Therefore, for DWI to be used for characterization and differentiation of lymph nodes, location of the tumor should be considered and comparison of the mean ADC values should be done for each anatomical location individually.
Keratinization is a component of the SCC and reflects desmoplastic stroma infiltrated by varying numbers of cells. It is considered to impair water movement and cause a decrease in the ADC value (7). Nonkeratinizing carcinomas, the most common type of NPC, have solid sheets of cells mixed with lymphocytes and plasma cells, and restrict diffusion due to cell density (7, 8) . This restriction of water movement is greater than keratinizing SCC and it is considered the main reason for the lower ADC values in metastatic lymph nodes due to NPC. All patients in our study had nonkeratinizing NPC.
Another important factor that may affect the ADC values is the histologic grade of the head and neck SCC. This has been investigated in few studies, and the relation of histologic grade and the ADC value is still unclear (10, 13, 14) . Some investigators suggested that there were no significant differences among different histologic grades (10) . While some others suggested that the ADC values are significantly greater in highly and moderately-differentiated SCCs when compared to poorly-differentiated SCCs (13) . Recently, a study in a larger patient population with more homogeneous tumor groups showed that DWI with high b values (i.e., b=2000 s/ mm 2 ) could differentiate histologic grades of the head and neck SCC (14) . In the present study, only one patient had poorly-differentiated SCC (one patient with oropharynx SCC; mean ADC value of nodal metastases, 1.04×10 -3 mm 2 /s). The rest of the oropharyngeal and all laryngeal and hypopharyngeal SCC nodal metastases were either well or moderately differentiated. Although the histologic grades of the SCCs were homogeneous (either well or moderately differentiated) in our study group, the results could be different with a patient group that also includes poorly differerentiated SCC nodal metastases. Therefore, besides location of the primary tumor, histologic grade of the tumor should also be considered on ADCbased differentiation.
Necrosis also contributes to the calculated ADC value, which increases with increasing amount of necrosis (15) . We excluded the visible necrotic areas for ADC measurement and considered solid com-ADC of metastatic lymph nodes in squamous cell carcinoma of the head and neck ponents for comparisons, as in most previous studies. However, the resolution of MRI is insufficient to detect the presence of micronecrosis, which has been histologically demonstrated in SCC and lymphoma, and so could not be excluded (5, 15) . In the present study, the proportion of micronecrosis may have made some contribution to evaluation of the differences in ADC values between nodal metastases of SCC. Perfusion also has an influence on ADC values (5, 16) . However, by increasing the diffusion gradient strength (at b values >100 s/mm 2 ) contribution of the perfusion effect is reduced considerably. We used high b values (b=1000 s/mm 2 ), and although the effects of the perfusion factor may not have been eliminated completely, we feel that it had little influence on our results.
Positioning ROIs in head-and-neck imaging requires experience and familiarity with DWI. All ADC values in our study were obtained from the most solid and/or homogeneous part of the lesion, which was determined by a radiologist using the corresponding fat-suppressed T2-weighted, contrast-enhanced MRI and DWI. This is the most commonly accepted method of measurement of ADC values in head and neck tumors, with acceptable intra-and interobserver agreement (17) . Diffusion-weighted evaluations should thus be correlated with morphologic images and endoscopy findings until the imaging technique and analyses are standardized. The major limitation of this study was the relatively small number of patients in each group. Although power analysis indicated that the patient number in each group was adequate to identify statistical significance, larger cohorts are required to obtain definitive threshold values among metastatic cervical lymph nodes due to SCC. The results may not be appropriate for different centers; thus at present each center should determine their own cutoff values. Another limitation was that not all patients in our study were treated surgically. Some were treated with radiotherapy and/or chemotherapy. Therefore, the diagnosis of some lymph nodes were based on biopsy. All patients with NPC and other SCC patients that are not candidate for surgery are now treated with radiotherapy and/or chemotherapy. We evaluated the patients retrospectively and included the lymph nodes that had size criteria for malignancy. Our main purpose was to determine whether there was a difference in ADC values among them and we did not include the subcentimeter lymph nodes since mean ADC value calculation were difficult with the method we used for DWI. A further prospective study that includes subcentimeter metastatic lymph nodes may be valuable.
In conclusion, the mean ADC values showed significant differences between nodal metastases of NPC and LSCC. Considering SCCs as a single group may affect the accuracy of ADC-based differentiation. Location of the primary tumor should be taken into account and cutoff values should be determined separately for each anatomical location. 
